The association of complete atrioventricular septal defect (CAVSD) with tetralogy of Fallot (TOF) was known as a kind of rare congenital cardiac anomaly, first described by Bull 1) in 1885. In 1969, D'Allaines 2) mentioned the surgical management of this heart malfor mation for the first time. During the few past decades, the occurrence of CAVSD with TOF remained relatively infrequent, presenting in 5%-10% children with CAVSD and in 1.7% of patients with TOF. 3,4) Nevertheless, mor tality for complete surgical repair has decreased tremen dously from 29%-40% in 1990 [3] [4] [5] [6] to 0%-20% in recent years. [7] [8] [9] [10] [11] [12] [13] [14] [15] We retrospectively reviewed 17 patients with this combination of lesions in our hospital for determi ning the best treatment for CAVSD with TOF and to assess our surgical approach with regard to preoperative evaluation, time of complete correction, number of patches used to septate the heart and reconstruction of right ventricular outflow tract (RVOT). 
institute. All patients were evaluated by echocardiogr aphy and cardiac catheterization. Patient characteristics are summarized in Table 1 . The Rastelli classification was A in 3 patients, B in 4, and C in 10. Fifteen patients had pulmonary valvular stenosis. Associated cardiova scular lesions included secundum atrial septal defect (ASD) in 12 patients, left persistent superior vena cava in 6, patent ductus arteriosus in 3, hypoplastic right ventricle in 3, and muscular ventricular septal defect and dysplastic pulmonary valve in 1.
Operative technique
Of the 17 patients, 9 underwent complete correction and 2 underwent one and a half ventricle repair. The rest underwent univentricular repair (cavopulmonary anasto mosis, bidirectional Glenn shunt). Complete correction was performed with the aid of cardiopulmonary bypass, moderate systemic hypothermia, and intermittent cold blood cardioplegia. Twopatch technique was used in 11 patients undergoing closure of septal defects. Differ ent patches were used, including autologous pericardium (n = 16), xenograft pericardium (n = 5), and Dacron patch (n = 1) all tailored into a comma shape. A transa trial approach was used in eight patients to close septal defects, and the other three were aided by exposure through RVOT incision. When closing the anterosupe rior extension of the ventricular septal defect (VSD), the surgeon sutured the patch widely enough to ensure an unrestricted left ventricular outflow tract. Closure of the atrial component of the defect followed repair of the left AV valve (LAVV) by suturing the remaining share of the patch to the atrial wall with a continuous, fine polypro pylene suture. The coronary sinus was left to drain into the left atrium in three cases.
Competence of valve leaflets was assessed in the open position by filling ventricles with cold saline solution. To protect the AV valve from postregurgitation, no incision was made in the leaflets. Moreover, 2-7 interrupted pledgeted stitches were used to close the cleft in each patient. Close examination to evaluate the competence of the reconstructed LAVV and right AV valve (RAVV) is essential. When there was residual central LAVV incompetence (in three patients), LAVV annuloplasty was performed to diminish annular dilatation, and inter rupted suture was also used in the parietal septum for RAVV insufficiency.
Management of RVOT is similar to that of isolated TOF. The RVOT was initially explored from an incision in the main pulmonary artery, which allowed overall assessment of the pulmonary valve and pulmonary artery branch. Because of valvular stenosis, an extended inci sion was made to the infundibulum. A transannular patch was needed in seven patients; a monocusp valve was inserted in one patient and the remaining three patients received nontransannular patch. Since the pulmonary valve was adequate, infundibulectomy was accomplished through the pulmonary valve, and then 1 patch was used to enlarge the main pulmonary artery and its branch.
In addition to the cardiac correction mentioned above, two patients who underwent one and a half ventricular repair also received bidirectional Glenn shunt, owing to mild hypoplastic right ventricle or elevated central venous pressure (CVP) immediately after bypass follo wing biventricular repair. An adjustable atrial septal fenestration was added to one of the two patients because of the postoperative right ventricle pressure (RVP) above systemic arterial blood pressure (ABP) after separation from bypass.
Six patients underwent univentricular repair (bidirec tional Glenn shunt) for several reasons. Right ventricular hypoplasia or unbalanced CAVSD was present in three patients. One of the six patients presented anomalous left and right coronary arteries crossing the RVOT. Another child had malformation of the inferior bridging leaflets sticking to the atrial septum, almost impossible to sepa rate. A third child had chordae tendineae of the right AV valve attached to the left ventricle and a hypoplastic LAVV.
Statistical analysis
Data were analyzed with the statistical computing package SPSS 20.0. The continuous data were expressed as median and means ± SD. The relationship between 
Results
Mean cardiopulmonary bypass time was 132.66 ± 22.63 minutes (range, 105-178 minutes), and mean aortic cross clamping time was 92.44 ± 22.18 minutes (range, 70-147 minutes). One hospital death occurred on postoperative day 2 because of severe low cardiac output syndrome. Mean ICU stay was 9.62 ± 3.20 days (range, 5-15 days). The correlation between weight at repair and duration of ICU stay was quite obvious, indicating that lower weight required longer ICU stay (P <0.05, r = -0.834). Each patient underwent one or more postoperative echocardi ography before discharge. Only one patient suffered from moderate RAVV regurgitation, while others had slight to mild AV valve regurgitation.
There was one late death in this group, 6 months after operation. Death was mainly attributed to pneumonia and heart failure. Followup data were available for all who survived the operation, and the mean followup time was 21.25 ± 21.10 months (range, 3-60 months). Echocardiography and electrocardiogram examination were performed for all patients during followup. The KaplanMeier curve indicated that 5year survival was 88.2% (Fig. 1) . Several postoperative complications occurred during the first 3 months, including one slight residual ventricular septal defect; two tiny residual ASDs; one mild RVOT obstruction and one pulmonary artery stenosis. Moderate pulmonary valve regurgitation was present in all patients, whether transannular patch was used or not. No signs or symptoms indicated reoper ation in any patient. Both LAVV and RAVV regurgita tion data are presented in Table 2 . Patient 8 was readmitted to the hospital 6 months after operation for edema and heart failure caused by moderate LAVV regurgitation and pulmonary artery hypertension. With effective medical therapy, the patient was discharged from the hospital several days later, without reoperation. All survivors remained in good condition in New York Heart Association class I or II. No one had left ventricu lar outflow obstruction or evidence of dysrhythmia.
Discussion
Although the anatomy of CAVSD with TOF has been well recognized since 1969, surgical approach to this anomaly is still a great challenge. The association is definitely not a simple combination of two individual malformations. They interact with each other in a very complex way, not only in terms of anatomy but also in terms of hemodynamics. Because of the association, VSD shares a typical feature with anterior subaortic extension, which affects both ventricular inlets and outlets. Moreover, pulmonary valve insufficiency result ing from repair of TOF may aggravate RAVV regurgita tion. Severe regurgitation of LAVV will also elevate pulmonary artery pressure and worsen pulmonary valve insufficiency. As a result of this hemodynamic abnor mality, both the tricuspid and the pulmonary valve are affected, greatly increasing the risk of heart failure. 3, 16) An overall evaluation of the cardiac anomaly is impor tant to surgical strategy. With respect to TOF, we are mainly concerned about the growth of the pulmonary artery and the distribution of the coronary artery. At the mention of CAVSD, we primarily consider the develop ment of the AV valve and the balance of two ventricles. At our institute, quite a few children may be poor candi dates for biventricular repair, because of unbalanced CAVSD as well as associated right ventricular hypopl asia. The presence of a welldeveloped right ventricle is an important premise for complete correction. 7) How ever, there is no precise demarcation between biventric ular repair and one and a half ventricle repair. Usually, a tricuspid Z value and right ventricular volume are used to evaluate the function of this approach. However, we are more likely to decide on a specific surgical approach during operation. Furthermore, considering that both tricuspid and pulmonary valves are affected in patients with CAVSD and TOF, tricuspid regurgitation and RVOT obstruction should be additional elements of concern. Some authors have applied one and a half ventricle repair to mild right ventricular hypoplasia in CAVSD with TOF. Except for one hospital death, the rest of the patients are doing well. [17] [18] [19] To a large extent, one and a half ventricle repair can prevent postoperative RAVV regurgitation with a reduced volume load as well as complete the correction of AVSD and AV valve, which is definitely beneficial to both the anatomy and the phys iology of the hypoplastic right ventricle. Two patients in our group accepted one and a half ventricle repair; during one patient's operation, we decided to perform a directional Glenn procedure for elevated CVP after bypass following biventricular repair. Both of them had a remarkable recovery in the ICU and presented mild valve regurgitation with no other complication. Although adding cavopulmonary anastomosis or fenestration ASD to treat elevated CVP is still controversial, the outcome was favorable in this patient. 18, 20) In past decades, most children underwent complete repair at the age of 12-24 months. Some patients had pre viously received a palliative shunt. With our increasing understanding of this malformation, we strongly recom mend earlier intervention, at age 6-12 months. On one hand, early surgical repair is more likely to decrease the incidence of pulmonary hypertensive crises as well as preserve the AV valve from degenerative changes or annu lar dilation. 21) On the other hand, we consider primary surgery a great psychological and physical advantage to children and their families. Palliation before repair will lead to secondary damage, and it also carries poten tial for multiple complications, including prolonged cyanosis, excessive ventricular hypertrophy, volume loading of the ventricle and progression of AV valve regurgitation.
Three children in our group underwent primary repair at 5-6 months of age for moderate AV valve regurgi tation or repeated respiratory infection. Two of them even weighed less than 5 kg. The outcome was not satisfactory: one patient died of severe low cardiac out put syndrome 2 days after surgery, another child died of heart failure 6 months after correction, and the third contracted severe pneumonia postoperatively. Patients with lower weight required longer ICU stay, secondary to the climbing rate of cardiac and noncardiac complica tions. We should be more cautious in our postoperative care of these patients. Postponing surgery for poorly developed children is an acceptable strategy.
A difficult problem for decades, the question remains: is 1patch technique or 2patch technique superior for the repair of CAVSD with TOF? Different centers have their preferences for management of AV valve. Some authors have argued about the use of the two techniques to reconstruct the AV valve in isolated CAVSD. 10, 21, [22] [23] [24] The literature reveals no major differences in many aspects, including postoperative AV valve regurgitation, left ventricular outflow obstruction, residual AVSD, mortality and reoperation. There is no statistical evidence comparing the two techniques for CAVSD with TOF.
More surgeons chose the 2patch technique for CAVSD with TOF (Table 3) . This method can avoid the need to divide and reattach the leaflets as well as preserve the maximum valve tissue. However, an extended right ventriculotomy was performed in most centers to close the anterior extension of the VSD, probably causing postoperative right ventricular dysfunction and late 15) revealed the use of modified 1patch technique for AVSD repair in three patients. Theoretically, the modified 1patch technique is not quite suitable for the management of CAVSD with TOF. The inlet and outlet VSD will largely increase the risk of postoperative left ventricular outflow obstruction and residual VSD. The outcome was favor able that all the three patients were uneventful, requiring no further reintervention. However, it was a relatively recent and small number of cases limited by the hetero geneousity of the patient.
Treatment of RVOT is also a complicated part of the surgery. Followup data showed that the type of RVOT management did not affect surgical outcome. No matter what methods were used, all patients experienced posto perative moderate pulmonary valve insufficiency. Though monocusp valve was supposed to reduce early pulmo nary regurgitation, the effect was not significant. 11, 25, 26) 
Conclusion
In conclusion, outcomes of complete repair of CAVSD with TOF are now favorable in terms of mortality and reoperation rate. An overall evaluation of the cardiac anomaly is quite important when selecting a surgical approach. Unbalanced CAVSD with TOF can be treated effectively with one and a half ventricle repair. Our current policy is to correct CAVSD with TOF at the age of 6-12 months, with no palliation. Patients with lower weight at repair require longer ICU stay. Twopatch technique through a transatrial approach alone is our preferred choice for closing AVSD. The management of RVOT is similar to that of isolated TOF.
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